INTRODUCTION
In spite of being a major insect order, the Hymenoptera have been the subject of few studies regarding digestive physiology (Terra, 1988 (Terra, , 1990 . Among the Hymenoptera, Apidae is no exception. The properties of some adult Apis mellifera digestive enzymes, such as maltase (Huber, 1975) , trypsin, chymotrypsin and 2 other endopeptidases (Giebel et al, 1971; Dahlman et al, 1978) , have been studied in some detail, whereas others such as lactase (Peng, 1981) (endoperitrophic) and outside (ectoperitrophic) the peritrophic membrane (Moritz and Crailsheim, 1987; Jimenez and Gilliam, 1989) .
The absorption sites for leucine and glucose have been found in the anterior two-thirds of the honeybee ventriculus (Crailsheim, 1988a, b) . These data, together with a detailed ultrastructural and cytochemical study of adult Apis mellifera midgut, led Jimenez and Gilliam (1990) to propose that in these bees enzymes and nutrients diffusing through the peritrophic membrane are translocated forward by a counter-current flux (endoectoperitrophic circulation), as previously described for other insects (see review in Terra, 1990) . In spite of these reports, a detailed model for the digestion by adult bees of the material extruded from or present on the walls of pollen grains is not available. Moreover, digestive physiology in larval bees is still being investigated, and only the properties of trypsin and chymotrypsin have been determined to some extent in larval bees (Dahlman et al, 1978) .
In this paper we describe the distribution and properties of several hydrolases occurring in different midgut regions of Scaptotrigona bipunctata (Apidae, Meli- 
Polyacrylamide gel electrophoresis
Electrophoresis was carried out in gels of different concentrations as described by Hedrick and Smith (1968) , using the system of Davis (1964) , in glass tubes of 5-mm id and 100 mm length.
Other details have been described elsewhere (Terra and Ferreira, 1983 
RESULTS

Luminal pH and distribution of hydrolases in midgut
The pH of S bipunctata larval midgut contents was found to decrease slightly along the midgut as follows (mean ± SEM; N = 10): anterior midgut, 6.0 ± 0.1; middle midgut, 5.7 ± 0.2; posterior midgut, 5.6 ± 0.1.
However, the differences found were small, and may not be significant. Pollen is known to contain digestive enzymes (Grogan and Hunt, 1979) . Enzymatic assays were therefore performed on pollen masses (taken from S bipunctata pollen pots) equivalent to the S bipunctata midgut fresh-weight (6.7 ± 0.2 mg/animal, mean ± SEM; N = 20). The activities found were < 5% of the activities displayed in table II. The role of pollen hydrolases in larval digestion was thus discounted, except for that a cysteine-proteinase (see below).
Larval S bipunctata bodies from which the guts had been removed were homogenized instead of their salivary glands alone because of the difficulty in dissecting these glands. The amount of each hydrolase in these homogenates was always < 5% of the activity found in the midgut. (fig 1 B) . Sucrase displays a major peak, which sediments as peak 1 of maltase, and one shoulder which sediments with peak 2 of maltase ( compare fig 1 B,C) (table III) . Figure 3A and B shows that the major azocasein hydrolase (peak 1) is active upon BAPA, is inhibited by SBTI and sediments as molecule with an M r of 38 000 ± 2 000. Peak 2 in figure 3A sediments as a molecule with M r 79 000 ± 5 000; it does not appear if the gradient and assay media does not contain EDTA and DTT (data not shown); peak 2 is able to hydrolyze BANA (compare figs 3A, C), and is inhibited by pHMB ( fig 3C) . These results, together with previous data, strongly suggest that peak 1 is a trypsin-like enzyme, whereas peak 2 is a cysteine-proteinase. Trypsin is absent (data not shown), whereas cysteine-proteinase is present in the pollen ingested by the larvae (fig 3C) . Thus, only trypsin should be synthesized by S bipunctata larvae. Further study of S bipunctata proteinases using electrophoretic techniques was prevented due to their poor recoveries after the runs.
S bipunctata midgut aminopeptidase activity has a pH optimum of 7.5 (data not shown), sediments as a major enzyme (aminopeptidase 2) with M r 190 000 ± 20 000 and a minor enzyme with M r 300 000 ± 9 000 (aminopeptidase 3) ( fig  4B) . After (1981) argued that Scaptotrigona postica salivary glands were involved in lubricating the food to be ingested and, at the end of the larval stage, in secreting a silken cocoon. Our results lend support to their proposal, since digestive enzymes in salivary glands accounted for < 5% of the activity found in midguts. Thus it is possible that the activity found is a result of contamination during dissection. The only significant digestive enzyme found in pollen is a cysteine-proteinase (fig 3C) , which accounts for &ap; 25% of the total proteolytic activity found in S bipunctata midgut, as determined at the midgut luminal pH ( fig 3A) . Our data thus showed that digestion is accomplished in S bipunctata midguts under the action of midgut enzymes, with the help of a pollen cysteine-proteinase.
The properties of amylase, trypsin and aminopeptidase from S bipunctata are similar to those from other insects (see references in Vonk and Western, 1984; Applebaum, 1985; Ferreira and Terra, 1986; Baker, 1989; Lemos and Terra, 1992 Baker, 1991; Jordão and Terra, 1991 (Santos and Terra, 1986; Terra et al, 1987) . This finding lends further support to the assertion (Terra, 1988 (Terra, , 1990 (Sakagami et al, 1965) . The pollen and nectar used by S bipunctata workers come mostly from Eucalyptus flowers (Ramalho, 1990 ). The larvae feed on the cell food and at the end of the 5th larval instar, their midguts become enormously distended (mainly at their distal ends) with undigested food residues, which are not evacuated until just before pupation (Cruz- Landim and Mello, 1981) . This is characteristic of these bees, as well as of all the other larvae of Hymenoptera Apocrita (Richards and Davies, 1977) , wherein the midgut is closed at its posterior end, and remains unconnected to the hindgut until pupation. Once ingested by the larvae, the pollen grains probably burst and open at the pores, owing to the presumed low osmotic pressure of the midgut, thereby resulting in the extrusion of protoplasm as described in Apis mellifera adults (Kroon et al, 1974; Klungness and Peng, 1984) .
Digestive enzymes, except for trypsin, occur mainly in S bipunctata anterior midgut contents. This is at first sight an unexpected finding. Even if digestive enzymes are secreted in the anterior midgut, they are expected to be translocated to the posterior midgut, as peristalsis moves the ingested food backward, thereby distending the posterior midgut. The possibility that digestive enzymes are inactivated at the posterior midgut has no experimental support. There appear to be no activators or inhibitors in midgut tissue or contents which affect S bipunctata digestive enzymes, and these enzymes are stable in the presence of S bipunctata midgut proteases. It is possible, then, that S bipunctata shows an endo-ectoperitrophic circulation of digestive enzymes similar to that described for other insects (for reviews see Terra, 1988; . This circulation results from a countercurrent flux which depends on the secretion of fluid at posterior midgut and its absorption back at the anterior midgut. The countercurrent flux displaces to the anterior midgut the enzymes, and products of digestion, which are able to diffuse from the endoperitrophic space to the ectoperitrophic space. Although the composition of pollen varies widely, major components are protein, sugars (sucrose and monosaccharides), carbohydrate associated with the pollen wall and, among the minor components, there is starch (Todd and Bretherick, 1942 (Terra, 1990) .
Digestion by larval bees: evolutionary considerations
Based on the literature and following cladistic-like techniques (Cracraft, 1974) , Terra (1990) proposed that in relation to their digestive physiology, Hymenopteran ancestors displayed the following characteristics: 1) polymer, oligomer and dimer hydrolases that were free and small (< 8 nm in diameter) and thus able to pass through the peritrophic membrane; 2) endo-ectoperitrophic circulation of digestive enzymes caused by the secretion of fluid in the posterior midgut and its absorption in the anterior midgut; 3) differentiation of an acidic anterior midgut (with high carbohydrase activity) and an alkaline posterior midgut (with high protease activity). Derived characters found among larval Apocrita include a midgut closed at its rear end. We may speculate that bees (Apidae) display as a derived character the loss of a clear midgut differentiation of luminal. pH and enzyme distribution. Although trypsin is found mainly in posterior midgut, the same is not true for aminopeptidase. Hence, the observed enzyme distribution is derived from the hypothetical ancestral condition. Some Hymenoptera acquire digestive enzymes, with vital roles by ingesting fungi (Martin, 1987) . Although S bipunctata larvae acquired a cysteine-proteinase by ingesting pollen grains, the role of this enzyme seems to be secondary in relation to the bee's proteinase. Thus, the acquisition of this proteinase does not appear to represent a significant phylogenetic character. 
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